Abrasive Flowmachining(AFM )is a process that finishes complex internal and external geometries with the help of viscoelastic medium. In current study, a three start helical drill bit is used coaxially within the hollow cylindrical workpiece using three piece nylon fixture to improve metal removal rate (MRR). The developed Helical-Abrasive flow machining process (HAFM) employees a standard drill bit, which forces the abrasives laden media to follow a helical path within the finishing zone. Curvature in the path of abrasive laden media, leads to development of centrifugal forces in addition to a combination of different media flow (flow along the flute, axial flow, and scooping flow and remixing of medium at exit from the finishing zone).for higher MRR. The parameters affecting the process are described and the effect of the key parameters on the performance of process has been studied.
INTRODUCTION
Abrasive flow Machine (AFM) operates by flowing an abrasive laden viscoelastic compound through a restrictive passage formed by a work part combination. AFM is a nontradional machining process that is used to deburr, polish, radius, and remove recast layers of critical components in aerospace, automotive, electronic and die-making industries Brar et al. (2010) . This technique uses a liquid polisher containing abrasive particles as a grinding media.
Hydraulic pressure systems help in extruding the abrasive laden media through a controlled passage formed by the workpiece and necessary tooling. During the extrusion of the media, the abrasion of the workpiece material takes place and it results in a finished product. In the recent times, some of the superior abrasive machining processes using the additional energy or tailored tooling to increase the machining forces and thus the faster material removal or more finishing have been developed by The process with simple modification has been named as helical-abrasive flow machining (HLX-AFM) process because of the use of a helical profile along the axis. Further the developed HLX-AFM set up has been optimized for the various process parameters using the Taguchi method towards the development of robust system. Like the general AFM, this process is suitable for the fine polishing of roughly machined work-piece, improving the flow characteristics of fluid carrying channels, removing the burrs and recast layers, reducing the edges of different components but because the presence of drill bit the application of HLX-AFM are limited to the finishing of cylindrical shaped geometrical surfaces only as reported by Sehijpal et al. (2002) .
Further the effectiveness of AFM can be increased by converting it into helical abrasive flow machining. A number of cycles are required to achieve the desired surface finish and material removal. It has been reported in a number of studies that abrasion is more pronounced in some initial cycles after which improvement in the surface finish stabilize or reduce in some cases . Total number of process cycles range from one to several hundred Jha et al. (2004) . Within 1 to 8 cycles, a linear dependence between material removal and surface roughness versus number of cycles was indicated. In AFM the forward and backward extrusion back to the initial stage completes a cycle. From the experimental results reported Walia et al. (2006) , it can be interpreted that an increase in temperature processing results in faster cutting of the material, under otherwise constant cutting conditions. Shan et.al (2009) analyzed the heat flow to the work piece and the medium in AFM process. In their study Hull et.al (1992) reported the effect of temperature (within the range 30-70 °c) on rheology of media used and stated that the media may sometimes undergo a permanent change in physical properties with increase in temperature. It has been found that cutting is faster at an increased extrusion pressure, with all other parameters remaining constant. A part of total pressure is lost within the media due to its internal resistance to flow and rest is imparted to abrasion particles contacting the work piece surface Yan et al. (2007) , and Chen et al. (2010) . Sankar et al. (2009) , reported that at higher pressure the improvement in material removal just tends to stabilize probably due to localized rolling of abrasion particles. Sizes of abrasive particles used in AFM process range from #8 grit (roughing and stock removal application) to mesh of 500 grit size (small hole application). Smaller size abrasive gives better surface finish and can reach into complex and narrow passages, while larger one cut faster. According to one thumb rule finer abrasives should be used when the initial roughness of the work surface is less. The reason for a decrease in material removal is that with an increase in mesh size (or decrease in grain size in mm) the depth of penetration as well as width of penetration, decreases Brar et al.(2011) .
Experimental procedure
The experiments were designed to study the effect of some of the Helical AFM parameters on Response characteristics of Helical AFM process. The design was accorded to an L9 orthogonal array based on Taguchi method to study the effect of helix rod and other main AFM process parameter (Table 1 ). The main parameters were Type of material (M), Number of cycle (N), Extrusion pressure (P) had been selected at three levels considering nointeraction among them. The quality characteristics under the consideration were material removal. Fixture design is often a very important factor in achieving the desired effects from the AFM process as the design of fixture depends on the shape of work piece. In this project the work piece was cylindrical so a proper design of fixture (figure 2) was used which could hold a cylindrical work piece. A three start helical profile was chosen which is made up of steel rod. The length of rod, diameter flute length and lead were 95 mm, 5.8mm, 65mm and 40 mm respectively. Then helical profile was welded to the steel disc. The three star start profile was developed so that whole of the surface had helical grooves so that media was uniformly distributed around the helical rod thus the abrasive laden media makes more surface contact with the inner surface of the work piece.
In the present investigation, three ductile materials viz Brass, Gun metal, and Mild steel were selected as workpiece materials. The cavity to be machined in the test specimen was prepared by drilling operation followed by boring to the required size. The size of cylindrical work piece was of length 15 mm, internal and external diameters were 8 and 12.6 mm as shown in figure 3. This internal cylindrical surface was finished by Drill bit assisted-AFM process. Each work-piece was machined for a predetermined number of cycles. The work-piece was taken out from the setup and cleaned with acetone before the subsequent measurement. 
Results and discussion
Experiments were conducted according to the test conditions specified by the L9OA (Table 2) . Each experiment was repeated three times in each of the trial conditions. Thus, 27 work-pieces were selected having initial surface in close range of (3.5-5.8micron). In each of the trial conditions and for every replication, material removal was measured. Fig 3. shows that % improvement in material removal is at second level (B) brass as a workpiece material is attributed to the fact that brass is more soft in nature compare to the other two material i.e. gun metal and mild steel as a work piece material and give more MR comparatively with other two material. Lowest material removal rate is at first level (M) in mild steel as a work-piece material is due to the fact that it is harder than other two materials. Similarly Gun metal lies between other two materials as shown in graph. 
Type of Materials

Extrusion pressure
Fig 4 shows that with the increase of extrusion pressure MR increase which is maximum at third level i.e. at 6 MPa and minimum at first level i.e. 2 MPa. MR increase with the presence of stationary helical drill bit due to a combination of forces (axial, radial, and centrifugal forces), three types of flows(axial, reciprocating and scooping flow) that occur in finishing zone and remixing of medium at exist from the finishing zone resulting in more active grains improvement in MR respectively. Due to the combination of different flows, the workpiece to abrasive contact length is no longer a straight line, rather it become curved; hence, the number of peaks that can be sheared increases, leading to higher MR. At the third level of increased pressure (6 MPa) the cutting force is quite large to remove more material. 
Number of cycles
It is clearly shown in fig 5 that as the no of cycle increase from 3 to 7 the material removal increase. More no of cycle means more abrasion action and more material removal. so as the no of cycle increases material removal rate increases. In order to study the significance of process parameters towards the MR, analysis of variance (ANOVA) was performed. The pooled version of ANOVA of raw data and S/N data for MR are given in table 3. From the data it is clear that parameters N (Number of cycle), P (Extrusion Pressure), H (type of material) significantly affect both mean and variation. The percentage contribution of type of material is 29.57%, percentage, the percentage contribution of Extrusion pressure is 26.09% and contribution of Number of cycle is 20.43 %. As we know that material removal is "higher the better" type quality characteristic. Therefore, higher value of MR is considered to be optimal.
All parameter are significant at 95% confidence level, F critical = 3.49, SS-Some of square, DOF-Degree of freedom-variance Table 3 : ANOVA
The mean at the optimal MR (optimum values of the response characteristics) is estimated as MR =M' 2 + P' 3 + N' 3 -2 T' (1) T' = overall mean of the response = 5.78 mg, Average value of MR at the second level of type of rod= 7.12 mg Average value of MR at the third level of extrusion pressure = 6.32 mg, Average value of MR at the third level of number of cycle = 6.83mg, Substituting these values, MR = 8.71 mg.
The confidence interval of confirmation experiments (CL CE ) and of population (CL POP ) is calculated by using the following equation.
(2) (3)
Where F α (1, f e ) = The F-ratio at the confidence level of (1-α) against DOF 1 and error degree of freedom f e = 4.35 (Tabulated value)(99bulated F value) f e = error DOF = 20, N = Total no of result =27 (treatment =9, repetition =3), R = Sample size for confirmation experiments =3, V e = Error variance =1. In order to validate the results obtained, three confirmation experiments have been conducted for response characteristics of MR. For the maximum MR, the optimal levels of the process parameter are M 2 N 3 P 3. The values of MR obtained through the confirmation experiments are within 95% of Cl CE of respective response characteristic.
CONCLUSION
Overall metal removal rate is increased with three start helical abrasive flow machining of ductile materials. The following conclusion can be observed from the result that type of material is a dominating process parameter with contribution of 29.57 %., number of cycles has 26.09 % and extrusion pressure has 20.43% contribution for response parameter of MR.
